United States Patent [19] 

Chalasani et al. 



US006037747A 
[li] Patent Number: 
[45] Date of Patent: 



6,037,747 
Mar. 14, 2000 



[54] MODE SELECTION CIRCUIT FOR A 

BATTERY AND METHOD OF OPERATION 
THEREOF 

[75] Inventors: Subhas Chandra Chalasani, Piano; 

Mark Elliot Jacobs, Dallas; Vijayan 
Joseph Thottuvelil, Piano, all of Tex. 

[73] Assignee: Lucent Technologies Inc., Murray Hill, 
NJ. 

[21] Appl. No.: 08/950,642 
[22] Filed: Oct. 15, 1997 

[51] Int. a. 7 H01M 10/44; H01M 10/46 

[52] U.S. CI - ..... 320/125; 320/150 

[58] Field of Search „ 320/125, 128, 

320/134, 136, 144, 150, FOR 134, 135 

[56] References Cited 

U.S. PATENT DOCUMENTS 
3,852,652 12/1974 Jasinski 320/35 



3,895,283 
4,209,736 



7/1975 Peterson 320/35 

6/1980 Reidenbach 320/22 



4,234,839 11/1980 King et a 1 320/150 

4,667,143 5/1987 Cooper et al _ 320/22 

4,829,226 5/1989 Nakamura et al 320/150 X 

5,012,176 4/1991 LaForge . 

5,214,370 5/1993 Harm et al „ 320/35 

5,489,836 2/1996 Yuen 320/148 

5,576,611 11/1996 Yoshida 320/152 

5,583,417 12/1996 Mien 320/160 



5,604,419 2/1997 
5,617,009 4/1997 
5,751,136 5/1998 



Bisschop et aL .„ 320/150 

Takao ct al. 320/138 

Takechi et al. 320A50 



OTHER PUBLICATIONS 

Article entitled "Battery Monitor Stops Thermal Runaway 
Cold" by Jim Plunkett; p. 45; Oct. 16, 1978. 
"Guidelines for Lead-Acid Battery Telecommunications 
Applications" by Don Reid. Nick Tullius and Ivan Glasa 
1992; pp. 407-412. no month. 

Publication entitled "A New Concept: Intermittent Charging 
of Lead Acid Batteries in Telecommunication Systems" by 
D.P. Reid. I. Glasa of Bell-Northern Research Ltd.; 1984 
IEEE; pp. 67-71, no month. 

Primary Examiner — Edward H. Tso 



[57] 



ABSTRACT 



For use with a reserve battery couplable to a charging circuit 
capable of providing a charging current to the reserve 
battery, a mode selection circuit and a method of operation 
thereof. The mode selection circuit includes, in one 
embodiment, (1) a signal generator that generates a signal 
based on a temperature of the reserve battery and (2) a 
mode-changing circuit, coupled to the signal generator, that 
accepts the signal and selects an alternative one of: (a) a 
non-charge mode in which the charging current is substan- 
tially interrupted when the temperature is greater than a 
reference temperature and (b) a charge mode in which the 
charging current is provided to the reserve battery when the 
temperature is less than the reference temperature. 

43 Claims, 2 Drawing Sheets 
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MODE SELECTION CIRCUIT FOR A design. Therefore, a reductioa in the float mode duty cycle 

BATTERY AND METHOD OF OPERATION significantly increases the life of the battery. 

THEREOF As previously mentioned, Reid discloses a system that 

intermittently charges the battery. Reid fails to recognize, 

TECHNICAL FIELD OF THE INVENTION 5 however, that float charging contributes to excess current 

The present invention is directed, in general, to power charging of the battery (in excess of the charge necessary to 

supplies and, more specifically, to a mode selection circuit compensate for the charge being replenished or lost during 

for a battery and a method of operation thereof. self-discharge) thereby unnecessarily heating the battery. 

The reactions that diminish battery life during float charging 
BACKGROUND OF THE INVENTION 10 are accelerated at higher temperatures thereby further con- 
In a variety of telecommunications and other applications, to mc degradation of the life of the battery, 
batteries [e.g., valve-regulated lead acid (VRLA) batteries] Accordingly, what is needed in the art is a recognition that 
are employed to provide reserve energy to the equipment charging a battery under particular environmental conditions 
powered thereby. With the increasing trend toward distrib- affects mc lifc of mc battcrv and > morc particularly, what is 
uted power systems, battery reserve systems are often 15 nccdcd * 311 intermittent system for charging a battery that 
located in outdoor uncontrolled environments. Over a overcomes the deficiencies in the prior art. 
decade of experience in using VRLA batteries in outdoor SUMMARY OF THE INVENTION 
environments has clearly shown that high temperatures 

drastically reduce the life of the battery. The lifetime of a To address the above-discussed deficiencies of the prior 
typical VRLA battery with a rated life of ten years at a art. the present invention provides for use with a reserve 
constant operating ambient temperature of 25° C. will be battery couplable to a charging circuit capable of providing 
reduced by a factor of two for approximately every 7° C. rise a charging current to the reserve battery, a mode selection 
in average operating temperature. When deployed in out- circuit and a method of operation thereof, 
door environments, the batteries are generally placed in ^ The mode selection circuit includes, in one embodiment, 
closed cabinets with poor heat -exchange characteristics. The (1) a signal generator that generates a signal based on a 
batteries are, therefore, exposed to high temperatures with temperature of the reserve battery and (2) a mode-changing 
poor ventilation. As a result, a ten-year rated battery may circuit, coupled to the signal generator, that accepts the 
have its lifetime reduced to a quarter or a third of its rated signal and selects an alternative one of: (a) a non-charge 
value, especially in warmer climates such as Dallas, Tex. 3Q mode in which the charging current is substantially inter- 
While reducing the temperature of the operating environ- rupted when the temperature is greater than a reference 
ment of the battery is an important factor in sustaining the temperature and (b) a charge mode in which the charging 
life of the battery, there are other ancillary considerations as current is provided to the reserve battery when the tempera- 
well. The system employed to maintain the battery in a state ture is less than the reference temperature, 
of readiness (ie., fully charged) is another important con- 3S The present invention, therefore, recognizes that float 
sideration in battery reserve systems. A known technique to charging a battery at higher ambient temperature conditions 
improve the life of a battery is to employ an intermittent has deleterious effects on the life of the battery. By charging 
charging system. An intermittent charging system is dis- the battery, in one embodiment, during the periods of time 
closed in A New Concept: Intermittent Charging of Lead when the ambient temperatures are lower and providing 
Acid Batteries in Telecommunication Systems, by D. P. Reid, ^ substantially zero charging current to the battery otherwise, 
et al. (Reid), Proceedings of INTELEC 1984, pp. 67-71, additional improvements in extending battery life are pos- 
which is incorporated herein by reference. sible. Consequently, the mode selection circuit alternatively 
Since the commercial AC power source is typically avail- selects a mutually-exclusive one of the non-charge or charge 
able about 99.9% of the time, the battery is conventionally mode for a battery reserve system. The intermittent charging 
maintained in a float mode whereby the battery is fully 45 system provides an effective technique for protecting and 
charged and is essentially being topped -off continuously. extending the life of the reserve battery. 
With an intermittent charging system, the battery is only The foregoing has outlined, rather broadly, a preferred 
charged a fraction of the time and, otherwise, the battery is and alternative feature of the present invention so that those 
disconnected from the charging circuit. Such a system is skilled in the art may better understand the detailed descrip- 
very sensible with VRLA batteries especially in view of the 50 tion of the invention that follows. Additional features of the 
fact that VRLA batteries suffer from relatively low self- invention will be described hereinafter that form the subject 
discharge rates (e.g., less than 10% over a 180 day period al of the claims of the invention. Those skilled in the art 
about 25° C). Analogous to the loss of battery capacity at appreciate that they can readily use the disclosed conception 
higher temperatures, it is estimated that the self-discharge and specific embodiment as a basis for designing or modi- 
rate approximately doubles for every 10° C. rise in tem- 55 fying other structures for carrying out the same purposes of 
perature. Even with the increase in self-discharge rates the present invention. Those skilled in the art also realize 
associated with higher operating temperatures, a relatively that such equivalent constructions do not depart from the 
low duty cycle (i.e., ratio of the charging time to total time) spirit and scope of the invention in its broadest form, 
is sufficient to maintain the battery in a state of readiness nPRPPlPnoM OF THF DRAWINGS 
should the commercial power source be interrupted. 60 BRIEF DESCRIPTION OF THE DRAWINGS 

Since elements of the battery experience aging during For a more complete understanding of the present 

float charging (e.g., excess current contributes to grid cor- invention, reference is now made to the following descrip- 

rosion of the positive plate of the battery and water loss), it tions taken in conjunction with the accompanying drawings, 

would be advantageous to decrease the period of time that in which: 

the battery is in the float mode. As disclosed in Reid, the life 65 FIG. 1 illustrates a schematic diagram of a battery back- 

of a battery may double by employing a 50% float duty cycle up power supply providing an environment for the present 

over a full float duty cycle operation for a particular battery invention; 
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FIG. 2 illustrates a schematic diagram of another battery 
back-up power supply providing an environment for the 
present invention; 

FIG. 3 illustrates a schematic diagram of a battery back- 
up power supply incorporating an embodiment of a mode 
selection circuit constructed according to the principles of 
the present invention; 

FIG. 4 illustrates a diagram of a temperature verses time 
profile for an exemplary reserve battery in a typical outdoor 
application; 

FIG. 5 illustrates a schematic diagram of a battery back- 
up power supply incorporating another embodiment of a 
mode selection circuit constructed according to the prin- 
ciples of the present invention; and 

FIG. 6 illustrates a schematic diagram of a battery back- 
up power supply incorporating another embodiment of a 
mode selection circuit constructed according to the prin- 
ciples of the present invention. 

DETAILED DESCRIPTION 

Referring initially to FIG. 1, illustrated is a schematic 
diagram of a battery back-up power supply 100 providing aa 
environment for the present invention. The power supply 
100 includes a source of electrical power 110 coupled to an 
AC/DC rectifier 120. The AC/DC rectifier 120 is then 
couplable to a reserve battery 130 and is adapted to float 
charge the reserve battery 130. The power supply also 
includes a disconnect switch 140 coupled to the reserve 
battery 130. When the reserve battery 130 is almost com- 
pletely discharged following the loss of AC power, the 
disconnect switch 140 decouples the reserve battery 130 
from a load 150 to avoid putting the reserve battery 130 into 
a deep discharge. The power supply 100 provides power to 
the load 150. 

Turning now to FIG. 2, illustrated is a schematic diagram 
of another battery back-up power supply 200 providing an 
environment for the present invention. Hie power supply 
200 includes a source of electrical power 210 coupled to an 
AC/DC rectifier 220. The AC/DC rectifier 220 is then 
couplable to a first reserve battery 230 and a second reserve 
battery 250 and is adapted to float charge both batteries. The 
power supply 200 also includes a first disconnect switch 240 
coupled to the first reserve battery 230 and a second dis- 
connect switch 260 coupled to the second reserve battery 
250. The disconnect switches 240, 260 connect and discon- 
nect the batteries in an alternating fashion such that at least 
one of the batteries is connected at all times. The power 
supply 200 provides power to a load 270. 

Power supplies employing multiple battery strings are 
often employed in wireless applications at lower voltages 
(e.g., 24 to 48 volts). Obviously, the reserve batteries 230, 
250 are limited to charging at a duty cycle of 50% or more. 
Thus, with n battery strings, the minimum duty cycle is 1/n. 
The power supply 200, therefore, would benefit from an 
intermittent charging system as disclosed herein. 

Turning now to FIG. 3, illustrated is a schematic diagram 
of a battery back-up power supply 300 incorporating an 
embodiment of a mode selection circuit constructed accord- 
ing to the principles of the present invention. The power 
supply 300 includes a source of electrical power 310 
coupled to an AC/DC rectifier 320 (a charging circuit in the 
illustrated embodiment). The AC/DC rectifier 320 is coupled 
to the mode selection circuit that includes a mode-changing 
circuit, for instance, a temperature -dependant mode- 
changing circuit, [a parallel coupled switch (e.g., a low- 
voltage drop metallic contactor 350 and diode 355) and a 
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signal generator, in this embodiment a temperature trans- 
ducer 360 (e.g., a thermistor and associated amplifier circuit 
that generates a voltage proportional to the temperature of 
the reserve battery 330), which is in turn couplable to a 
reserve battery 330. The power supply 300 may also include 
a disconnect switch 340 coupled to the reserve battery 330. 
When the reserve battery 330 is almost completely dis- 
charged following the loss of AC power, the disconnect 
switch 340 decouples the reserve battery 330 from a load 
380 to avoid putting the reserve battery 330 into a deep 
discharge. The power supply 300 additionally provides 
power to the load 380. 

The temperature transducer 360 is coupled between the 
reserve battery 330 and the mode-changing circuit The 
transducer 360 relays a signal to a control terminal of the 
switch 350 based upon or indicative of the temperature of 
the reserve battery 330. When the sensed temperature of the 
reserve battery 330 drops below a reference temperature, the 
transducer 360 signals the switch 350 to close and the 
reserve battery 330 is charged. Furthermore, a charge detec- 
tion circuit 370 (e.g., a voltage detection circuit that mea- 
sures the open circuit voltage across the reserve battery 330) 
may be coupled in parallel with the reserve battery 330 and 
a control signal is coupled from the charge detection circuit 
370 to the switch 350. When the battery voltage drops below 
a predetermined level and the sensed temperature is below 
the reference temperature, the switch 350 is closed and the 
reserve battery 330 is charged. Conversely, if the battery 
voltage is above the predetermined level, the switch 350 is 
opened and a charging current to the reserve battery 330 is 
substantially interrupted thereby facilitating a non-charging 
mode of operation. 

When the source of electrical power 310 is available and 
the reserve battery 330 is not being charged, the switch 350 
is opened and the output voltage of the AC/DC rectifier 320 
is adjusted above the open-circuit voltage of the reserve 
battery 330 such that the diode 355 is reverse biased and no 
current flows into the reserve battery 330. The reserve 
battery 330 experiences a small self-discharge, but since no 
4Q current is flowing therethrough, no energy from an external 
source dissipates as heat in the reserve battery 330 thereby 
extending the life of the reserve battery 330. 

In the event of a failure of the source of electrical power 
310, the output voltage of the AC/DC rectifier 320 drops to 
a point where the diode 355 begins conducting and the 
reserve battery 330 then immediately powers the load 380. 
The switch 350 closes soon after the diode 355 begins 
conducting such that the reserve battery 330 can deliver the 
power to the load 380. Of course, the switch 350 and diode 
355 may include any type of switching device and still be 
within the broad scope of the present invention. 

Again, to charge the reserve battery 330 when the source 
of electrical power 310 is available and the temperature is in 
the proper region, the switch 350 is closed and the voltage 
of the AC/DC rectifier 320 is adjusted to float-charge the 
reserve battery 330. To stop charging the reserve battery 
330, the switch 350 is opened and the voltage of the AC/DC 
rectifier 320 is maintained above the open-circuit voltage of 
the reserve battery 330 such that the diode 355 is in a 
nonconducting state. In this manner, the reserve battery 330 
can be intermittently charged (even with only a single 
battery string) without limiting the immediate availability of 
the reserve battery 330 to power the load 380. The inter- 
mittent charging system can, therefore, provide any charging 
duty cycle even with multiple battery strings in parallel 

Turning now to FIG. 4, illustrated is a diagram of a 
temperature verses time profile for an exemplary reserve 
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battery in a typical outdoor application. As time cycles from 
night to day to night, the reserve battery will be charged 
during the time when the transducer senses a temperature 
below a reference level In one embodiment, when the 
battery temperature is above the reference level, the reserve 
battery will not be charged. As illustrated in the profile, one 
methodology to implement battery charging is to charge the 
battery during the night when the temperature of the battery 
plant is lower. While many alternative schemes are 
available, it is advantageous to charge the battery when the 
environmental temperature is below a reference temperature 
(e.g., 30° C.) to, ultimately, extend the life of the battery. 
Those skilled in the art understand that any type of battery 
such as a valve-regulated lead acid (VRLA) battery is well 
within the broad scope of the present invention. Those 
skilled in the art also understand that the reference tempera- 
ture includes any temperature (depending on, for instance, 
the climate of the installation) and the temperature may be 
periodically or continually modified (depending on, for 
instance, the working conditions of the installation) and still 
be within the broad scope of the present invention. 

Turning now to FIG. 5, illustrated is a schematic diagram 
of a battery back-up power supply 500 incorporating another 
embodiment of a mode selection circuit constructed accord- 
ing to the principles of the present invention. The power 
supply 500 includes a source of electrical power 510 
coupled to an AC/DC rectifier 520. The AC/DC rectifier 520 
is then coupled to the mode selection circuit that includes a 
mode-changing circuit (a low voltage disconnect circuit 
including a controlled switching device 550, e.g., an 
isolated-gate bipolar transistor, and a disconnect switch 540) 
and a signal generator (e.g., a temperature transducer 560), 
which is in turn couplable to a reserve battery 530. When the 
reserve battery 530 is almost completely discharged follow- 
ing the loss of AC power, the disconnect switch 540 
decouples the reserve battery 530 from a load 580 to avoid 
putting the reserve battery 530 into a deep discharge. 
Additionally, the power supply 500 provides power to the 
load 580. 

l The temperature transducer 560 is coupled between the 
p reserve battery 530 and the low voltage disconnect circuit. 
/ The transducer 560 relays a control signal to the disconnect 
switch 540 based upon or indicative of the temperature of 
the reserve battery 530. When the sensed temperature of the 
reserve battery 530 drops below a reference temperature, the 
transducer 560, sensing the drop, signals the disconnect 
switch 540 to close and the reserve battery 530 is charged. 
Furthermore, a charge detection circuit 570 is coupled in 
parallel with the reserve battery 530 and a control signal is 
coupled from the charge detection circuit 570 to the low 
voltage disconnect circuit. When the voltage of the reserve 
battery 530 drops below a predetermined level and the 
sensed temperature is below the reference temperature, the 
disconnect switch 540 is closed and the reserve battery 530 
is charged. Conversely, if the battery voltage is above the 
predetermined level, the disconnect switch 540 is opened 
and a charging current to the reserve battery 530 is substan- 
tially interrupted thereby facilitating a non-charging mode of 
operation. 

When the reserve battery 530 is not being charged, the 
disconnect switch 540 and the controlled switching device 
550 are 107, both open. In the event of a loss of AC power, 
the disconnect switch 540 and the controlled switching 
device 550 are both transitioned on. The controlled switch- 
ing device 550 transitions on rapidly (within a few 
microseconds) ensuring that the power to the load 580 is not 
disrupted. The disconnect switch 540 turns on a few milli- 
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seconds later and due to its lower on-state drop reduces the 
dissipation in the controlled switching device 550 to near 
zero. Thereafter, the controlled switching device 550 may be 
turned off. Since the controlled switching device 550 carries 
5 current for only a few milliseconds, the energy dissipation 
therethrough is relatively small. If the voltage of the reserve 
battery 530 falls below a predetermined threshold, the 
disconnect switch 540 may be opened to disconnect the 
reserve battery 540 from the load 580. Of course, any 
1Q controllable switching device may be employed in lieu of 
the switching devices illustrated and described above. 

Turning now to FIG. 6, illustrated is a schematic diagram 
of a battery back-up power supply 600 incorporating another 
embodiment of a mode selection circuit constructed accord- 
ing to the principles of the present invention. The power 
15 supply 600 includes a source of electrical power 610 
coupled to an AC/DC rectifier 620. The AC/DC rectifier 620 
is then coupled to a reserve battery 630. The power supply 
600 also includes a disconnect switch 640 coupled to the 
reserve battery 630. Additionally, the power supply 600 
20 provides power to a load 680. 

The illustrated embodiment employs a combination of 
charging current and non-charging current to provide inter- 
mittent charging. By monitoring the current of the reserve 
^ battery 630 and using a current control loop 650, the 
charging of the reserve battery 630 occurs as follows. The 
reserve battery 630 is float charged by regulating the float 
voltage. When the charging of the reserve battery 630 is to 
be terminated, the output voltage of the AC/DC rectifier 620 
3Q is adjusted by the current control loop 650 to a value near the 
open-circuit voltage of the reserve battery 630 thereby 
controlling the current therethrough within a small value. 

More specifically, a clock 660 (or any timing device) is 
coupled to the current control loop 650 (forming part of the 
35 mode selection circuit). The clock 660 relays a signal to the 
current control loop 650, that may be based upon or indica- 
tive of a temperature of the reserve battery 630. At a 
predetermined time period, a current sufficient to charge the 
reserve battery (a charging current) is provided to the reserve 
40 battery 630 during a charge mode. At a time period other 
than the predetermined time period, the charging current is 
substantially interrupted to the reserve battery 630 during a 
non-charge mode. In the event of a loss of the source of 
electrical power 610, the reserve battery 630 is already 
4S connected to the load so no additional steps are necessary. 
This particular embodiment does not require any additional 
connections except monitoring the current into the reserve 
battery 630 and the control of the charging current or 
voltage. Of course, other techniques to control the current 
50 through the reserve battery 630 are well within the broad 
scope of the present invention. 

The above noted descriptions include possible embodi- 
ments of the present invention. Other possible variations 
include, without limitation: 
55 Monitoring battery temperature and estimating the self 
discharge rates when the battery is not being charged, 
and when the estimated total self-discharge of the 
battery has dipped below a threshold, charge the battery 
to replenish the charge; 
60 Varying the charging time and monitoring the charging 
current to replenish the charge estimated to have been 
lost due to self discharge (with some excess charging to 
account for errors in estimating the self discharge), so 
as to further minimize overcharging; and 
65 When the battery is "not being charged", maintain the 
battery voltage at a value (probably temperature 
dependent) that maximizes the life of the battery. 
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Thus, in the alternative embodiment of the present 
invention, the intermittent charging system is related to a 
time of day or period of time. In conjunction with historical 
weather trends, for instance, the battery may be charged 
during specific times of the day when the temperature is at 
its coolest. For instance, the battery may be automatically 
charged from 2:00 to 4:00 AM everyday or periodically, 
depending on the expected discharge rate of the battery. 
Those skilled in the art understand that various techniques to 
intermittently charge the battery in connection with prede- 
termined time periods are available and are well within the 
broad scope of the present invention. 

Although the present invention has been described in 
detail, those skilled in the art understand that they can make 
various changes, substitutions and alterations herein without 
departing from the spirit and scope of the invention in its 
broadest form. 

What is claimed is: 

1. For use with a reserve battery couplable to a charging 
circuit capable of providing a charging current to said 
reserve battery, a mode selection circuit, comprising: 

a signal generator that generates a signal based on a 

temperature of said reserve battery; 
a charge detection circuit that monitors a charge of said 

reserve battery and generates a signal as a function 

thereof; and 

a mode-changing circuit, coupled to said signal generator 
and said charge detection circuit, that accepts said 
signals and selects an alternative one of: 
a non-charge mode in which said charging current is 
substantially interrupted when said temperature is 
greater than a reference temperature or said charge is 
above a predetermined value, and 
a charge mode in which said charging current is pro- 
vided to said reserve battery when said temperature 
is less than said reference temperature and said 
charge is below said predetermined value, said ref- 
erence temperature being modifiable. 

2. The circuit as recited in claim 1 wherein said charging 
circuit comprises an AC/DC rectifier. 

3. The circuit as recited in claim 1 wherein said reserve 
battery is a valve-regulated lead acid (VRLA) battery. 

4. The circuit as recited in claim 1 wherein said mode- 
changing circuit comprises a parallel-coupled switch and 
diode coupled to said reserve battery. 

5. The circuit as recited in claim 1 wherein said mode- 
changing circuit comprises a current control loop. 

6. The circuit as recited in claim 1 wherein said signal 
generator comprises a temperature transducer that generates 
said signal based on a sensed temperature of said reserve 
battery. 

7. For use with a reserve battery couplable to a charging 
circuit capable of providing a charging current to said 
reserve battery, a method of selecting modes for said reserve 
battery, comprising: 

providing a signal with a signal generator based on a 

temperature of said reserve battery; 
providing a signal with a charge detection circuit based on 

a charge of said reserve battery; and 
accepting said signals with a mode-changing circuit, 
coupled to said signal generator and said charge detec- 
tion circuit, and selecting an alternative one of: 
a non-charge mode in which said charging current is 
substantially interrupted when said temperature is 
greater than a reference temperature or said charge is 
above a predetermined value, and 
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a charge mode in which said charging current is pro- 
vided to said reserve battery when said temperature 
is less than said reference temperature and said 
charge is below said predetermined value, said ref- 
5 ere nee temperature being modifiable. 

8. The method as recited in claim 7 wherein said charging 
circuit comprises an AC/DC rectifier. 

9. The method as recited in claim 7 wherein said reserve 
battery is a valve-regulated lead acid (VRLA) battery. 

10 10. The method as recited in claim 7 wherein said 
mode-changing circuit comprises a parallel-coupled switch 
and diode coupled to said reserve battery. 

11. The method as recited in claim 7 wherein said 
mode-changing circuit comprises a current control loop. 

12. The method as recited in claim 7 wherein said signal 
15 generator comprises a temperature transducer that generates 

said signal based on a sensed temperature of said reserve 
battery. 

13. A battery back-up power supply, comprising: 
2Q a source of electrical power, 

an AC/DC rectifier coupled to said source of electrical 
power; 

a reserve battery couplable to a said AC/DC rectifier, said 
AC/DC rectifier capable of charging said reserve bat- 
25 tery; and 

a mode selection circuit, comprising: 

a signal generator that generates a signal based on a 

temperature of said reserve battery; 
a charge detection circuit that monitors a charge of said 
30 reserve battery and generates a signal as a function 

thereof; and 

a mode-changing circuit, coupled to said signal gen- 
erator and said charge detection circuit, that accepts 
said signals and selects an alternative one of: 
35 a non-charge mode in which said charging current is 

substantially interrupted when said temperature is 
greater than a reference temperature or said charge 
is above a predetermined value, and 
a charge mode in which said charging current is 
40 provided to said reserve battery when said tem- 

perature is less than said reference temperature 
and said charge is below said predetermined 
value, said reference temperature being modifi- 
able. 

45 14. The power supply as recited in claim 13 wherein said 
reserve battery is a valve-regulated lead acid (VRLA) bat- 
tery. 

15. The power supply as recited in claim 13 wherein said 
mode-changing circuit comprises a parallel-coupled switch 

50 and diode coupled to said reserve battery. 

16. The power supply as recited in claim 15 wherein said 
mode-changing circuit comprises a current control loop. 

17. The power supply as recited in claim 15 wherein said 
signal generator comprises a temperature transducer that 

55 generates said signal based on a sensed temperature of said 
reserve battery. 

18. For use with a reserve battery couplable to a charging 
circuit capable of providing a charging current to said 
reserve battery, a mode selection circuit, comprising: 

60 a signal generator that generates a signal based on a 
temperature of said reserve battery; and 
a mode-changing circuit, having a low-voltage disconnect 
(LVD) and coupled to said signal generator, that 
accepts said signal and selects an alternative one of: 
65 a non-charge mode in which said charging current is 
substantially interrupted when said temperature is 
greater than a reference temperature, and 
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a charge mode in which said charging current is pro- a signal generator that includes a clock and generates a 

vided to said reserve battery when said temperature signal based on a temperature of said reserve battery; 

is less than said reference temperature. and 

19. The circuit as recited in claim 18 further comprising a mo de<hanging circuit, coupled to said signal generator, 
a charge detection circuit, coupled to said reserve battery, 5 mat aoccpls ^ signal and an alternative one 
that monitors a charge of said reserve battery, said mode- Q p 

changing circuit further selecting an alternative one of: a mode m which M currenl fc 

said non-charge mode in which said charging current is substantially interrupted when said temperature is 

substantially interrupted when said charge is above a maQ a refereDCC temperature, and 

predetermined value, and a chajge mode m which ^ current is pro- 

said charge mode in which said charging current is vided to ^ reserve battery when said temperature 

provided to said reserve battery when said charge is is less than said reference temperature, 

below said predetermined value and said temperature is 31 ^ drcuit M redted in daim ^ ampnmg 

less than said reference temperature ch detection coupled to said reserve battery, 

20. The circuit as recited m claim 18 wherem said mat monitOTS a charge of ttid reserve batterV) said mode . 
charging circuit comprises an AC/DC rectifier. changing circuit further selecting an alternative one of: 

21. The circuit as recited m claim 18 wherein said , . • » . * 
mode^hanging circuit comprises a parallel-coupled switch Mld non-charge mode in which smd charging current is 
and diode ^upled to said reserve battery. substantially mtermpted when said charge is above a 

22. The rireuit as recited in claim 18 wherein said 20 predetermined value, and 

mode-changing circuit comprises a current control loop. Mid charge mode in which said charging current is 

23. The circuit as recited in claim 18 wherein said signal provided to said reserve battery when said charge is 
generator comprises a temperature transducer that generates below said predetermined value and said temperature is 
said signal based on a sensed temperature of said reserve less ^an said reference temperature. 

battery. 25 32. The circuit as recited in claim 30 wherein said 

24. For use with a reserve battery couplable to a charging charging circuit comprises an AC/DC rectifier. 

circuit capable of providing a charging current to said 33. ™ e circuit as recited in claim 30 wherein said 

reserve battery, a method of selecting modes for said reserve mode^changing circuit comprises a parallel-coupled switch 

battery, comprising the steps of: and diode coupled to said reserve battery, 

providing a signal with a signal generator based on a 30 34. The circuit as recited in claim 30 wherein said 

temperature of said reserve battery; and modeKrhangmg circuit comprises a low-voltage disconnect 

. ...... . , (LVD) circuit coupled to said reserve battery. 

acceptmg said signal with a mode^anging circuit, hav- xhc ^ recited m cUim 3,, wherein ^ 

ing a ow-voltage direct (LVD) and coupled to said mode<han ^ circuit „ ^ , , 

signal generator^ selecting an alternative one ofi 3S 3fi ^ ^ ^ ndM ^ claim 30 wherein ^ si , 

a non-charge mode in which said charging current is ator a temperature transducer that generates 

substantially interrupted when said temperature is ^ based on , xaxd temperature of said reserve 

greater than a reference temperature, and batterv 

a charge mode in which said charging current is pro- 3? Fof ^ ^ a rescrve ^ UWe to a ^ 

vided to said reserve bauery when said temperature w circuit e flf a ^ ^ 

» less thansaid reference temperature. J a of * □todes for said reserve 

25. The method as recited in claim 24 further comprising battery comprising the steps of* 

the step of monitoring a charge of said reserve battery with ™ PS .* . . , „. 

a charge detection circuit coupled to said reserve battery, the providing a signal with a signal generator including a 

method further comprising the steps of selecting an alter- 45 clock based on a temperature of said reserve battery; 

native one of: m< * 

said non-charge mode in which said charging current is accepting said signal with a mode-changing circuit, 

substantially interrupted when said charge is above a coupled to said signal generator, and selecting an 

predetermined value, and alternative one of: 

... . ... _, . 4 - rn a non-charee mode in which said charging current is 

said charge mode m which said charging current is 50 ?„ . , , . , 

• » ~j . . , . „ , - . . „ . substantially interrupted when said temperature is 

provided to said reserve battery when said charge is ^ r reference te erature and 

below said predetermined value and said temperature is , . ... . , \ ' 

, lU j r a charge mode in which said charging current is pro- 
less than said reference temperature. . » - . , . _ _L. J , C 

26. The method as recited indium 24 wherein said V** to u sa,d balte 7 ^ » ld temperature 
charging circuit comprises an AC/DC rectifier. 55 „ » lcss « ha !' «"» " f "? n « l 6 ^ 1 ^ 

27 The method as recited in claim 24 wherein said u 38 Hie method as recited in cUun 37 further composing 

„ . , . „, . the step of momtonng a charge of said reserve battery with 

mode-changing circuit comprises a parallel-coupled switch , y . A . . 6 . , , , . 44 t . 

... » r r r charge detection circuit coupled to said reserve battery, the 

and diode coupled to said reserve battery. . * . . • • A. * r i w 

28. The method as recited in claim 24 wherein said ^f 1 " «""P^S the steps of selecting an alter- 
mode-changing circuit comprises a current control loop. 60 Da ive 0De 0 * 

29. The method as recited in claim 24 wherein said said non-charge mode in which said charging current is 
wherein said signal generator comprises a temperature trans- substantially interrupted when said charge is above a 
ducer that generates said signal based on a sensed tempera- predetermined value, and 

ture of said reserve battery. said charge mode in which said charging current is 

30. For use with a reserve battery couplable to a charging 65 provided to said reserve battery when said charge is 
circuit capable of providing a charging current to said below said predetermined value and said temperature is 
reserve battery, a mode selection circuit, comprising: less than said reference temperature. 
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39. The method as recited in claim 37 wherein said 
charging circuit comprises an AC/DC rectifier. 

40. The method as recited in claim 37 wherein said 
mode-changing circuit comprises a parallel-coupled switch 
and diode coupled to said reserve battery. 5 

41. The method as recited in claim 37 wherein said 
mode-changing circuit comprises a low-voltage disconnect 
(LVD) circuit coupled to said reserve battery. 
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42. The method as recited in claim 37 wherein said 
mode-changing circuit comprises a current control loop. 

43. The method as recited in claim 37 wherein said 
wherein said signal generator comprises a temperature trans- 
ducer that generates said signal based on a sensed tempera- 
ture of said reserve battery. 
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